The cross section for exclusive ψ(2S) ultraperipheral production at the LHC is calculated using gluon parametrisations extracted from exclusive J/ψ measurements performed at HERA and the LHC. Predictions are given at leading and next-to-leading order for pp centre-of-mass energies of 7, 8 and 14 TeV, assuming the non-relativistic approximation for the ψ(2S) wave function.
Recently, measurements of exclusive J/ψ production in ultraperipheral pp and P b-P b collision have been published by the LHCb and ALICE collaborations, [1, 2] . More data, with better statistics for the J/ψ and the ψ(2S) than the published results, are currently being analysed. 1 In this short note, using the framework and gluon parametrisations from [4] , we make predictions for the exclusive ψ(2S) production at the LHC for pp centre-of-mass energies of √ s = 7, 8 and 14 TeV. Alternative predictions for exclusive ψ(2S) production at the LHC within the dipole formalism are given in Refs. [5, 6] .
For clarity, let us repeat the main formulae used for the leading order (LO) and next-toleading order (NLO) predictions. The LO photoproduction cross section for γp → ψ(2S) p is driven by the gluon distribution xg and, in the case of zero t-channel momentum transfer (t = 0), is given by [7] dσ dt (γp → ψ(2S) p)
where α is the QED coupling, M ψ(2S) is the mass of the ψ(2S) and Γ ee is its electronic width. For photoproduction the kinematic variables arē
and W is the γp centre-of-mass energy. In order to include data integrated over t we assume the cross section depends exponentially on t, i.e. σ ∼ exp(−B|t|). The energy-dependent t slope parameter, B, is, given by the Regge motivated form
where the pomeron slope α = 0.06 and W 0 = 90 GeV, essentially unchanged from the J/ψ case. Corrections due to the skewing of the gluons and the real part of the amplitude are included as in [4] .
At NLO we account for the fact that no additional gluons with transverse momentum larger than k T are emitted in the process by including the Sudakov factor
with T = 1 for k
Integrating over the k T of the gluons, the 'NLO' cross section 2 is obtained, as derived in [4] , by the replacement
Here we have assumed the behaviour of xg(x, k (1) and (5) we use the LO and NLO gluon parametrisations fitted in [4] .
Note that for ψ(2S) the relativistic corrections due to the vector meson wave function may be larger than for the J/ψ, where they were found to suppress the cross section by about 6% [9, 10] . The width of the shaded bands indicates only the 1σ uncertainty from the J/ψ experimental data used in the gluon fits. [8] . While a part of the relativistic corrections related to the wave function at the origin is accounted for using Γ ee , the measured electronic width of the ψ(2S), one may expect a further suppression in the case of ψ(2S) compared to J/ψ. We do not account for this.
What additional uncertainties are there in our predictions for the gluon distribution? First, there may be an uncertainty arising from the skewed factor which accounts for the difference between the conventional (diagonal) gluon PDF and the generalised (GPD) distribution. As described in [4] , we use the Shuvaev transform to relate the diagonal PDF and the GPD. This provides sufficient accuracy, ∼ O(x), in our low x domain. Next, there may be an uncertainty coming from the real part of the amplitude, which is evaluated approximately. Again the corresponding uncertainty is small (less than 2%) in the low x region, where the x dependence is not steep and the Re/Im ratio is rather small. We emphasize that the uncertainties, both from the skewed factor and the Re/Im ratio, apply to xg(x) and not to the ratio of the ψ(2S) to J/ψ cross sections in which they cancel almost exactly. Thus, the main uncertainty in the ψ(2S) cross section, calculated using the gluon extracted from the J/ψ data, is that coming from the relativistic correction for ψ(2S).
Figure 1 displays our results for the γp → ψ(2S) p cross section in LO and NLO. The width of the shaded bands gives the 1σ uncertainty from the J/ψ experimental data used in the gluon fits. Note that we do not include the available ψ(2S) data from H1 [9] in the gluon fit, they are shown just for comparison. The data [9] only gives the values of the ratio of the ψ(2S) to J/ψ cross sections. To obtain the ψ(2S) photoproduction data points displayed in Fig. 1 we use the fit σ J/ψ = 81 (W/90 GeV) 0.67 nb for the J/ψ cross section obtained by H1 [10] . Our predictions are slightly above the data.
We can now make predictions for exclusive ψ(2S) production in ultraperipheral pp collisions as a function of the ψ(2S) rapidity, using the γp → ψ(2S) p cross section. Note that for a given rapidity y, two γp subprocesses with different γp centre-of-mass energies squared,
√ s exp(±|y|), and different photon fluxes, dn/dk ± , contribute, depending on which of the protons acts as photon emitter and which as target, as illustrated in Fig. 2 . In the absence of forward proton tagging these two subprocesses can not be distinguished and must be added, see (6) below.
Recall that our analysis is well justified at small x, x < ∼ 0.01, which provides good accuracy of both the Shuvaev transform, used to relate the diagonal gluons and GPDs, and the real part contribution. Moreover, the simple expression used to parametrize the gluon distribution is not appropriate at large x. The J/ψ data included in the gluon fit [4] , used in this analysis, contains the low energy W − contribution to the LHC data for which the small x approximation is not justified. In future analyses, it may be better to repeat the gluon fit after subtracting the contribution arising from the low energy W − configuration from the LHC J/ψ ultraperipheral pp production data. To estimate this contribution a fit to the low energy fixed target data measured at E401 and E516 [11, 12] could be used. This low energy fixed target fit along with a further fit to the ratio of the ψ(2S) to J/ψ photoproduction cross sections, measured by H1 [9] , would allow the W − contribution to ψ(2S) ultraperipheral pp production cross sections to be estimated. Note, however, for ψ(2S) the size of the W − contribution is small relative to the W + contribution due to the lower photon energy and small low energy photoproduction cross section. Thus, though our theory prediction overestimates the W − contribution to the ultraperipheral pp production its contribution is dominated by the W + contribution.
In hadron collisions we also have to take into account additional soft interactions between the colliding hadrons, which can destroy the exclusive signature (rapidity gap) of the event. The necessary gap survival factors for ψ(2S) production are calculated using the two-channel eikonal model from [13] . They are displayed in Table 1 for the three different pp centre-ofmass energies of 7, 8 and 14 TeV and for a large range of rapidities as relevant for the LHC experiments. The columns labelled S 2 (W + ) and S 2 (W − ) give the suppression factors for the two different γp energies W ± as a function of rapidity for each pp centre-of-mass energy.
Our theoretical prediction for the exclusive ψ(2S) production in ultraperipheral pp collisions, dσ(pp)/dy, in terms of our exclusive photoproduction cross sections, σ ± (γp), for the two subprocesses γp → ψ(2S) p at energies W ± is therefore given by
The photon energies are given by k ± ≈ (M ψ(2S) /2) exp(±|y|) and the photon fluxes are calculated as described in [4] . Our cross section predictions are shown in Fig. 3 for the three pp centre-of-mass energies of 7, 8 and 14 TeV. As in Fig. 1 , the bands only indicate the experimental uncertainty of the gluon fit parameters used for the LO and NLO predictions.
In summary, following and supplementing [4] , we have predicted the cross section for exclusive ψ(2S) production in ultraperipheral pp collisions at the LHC, using gluon parametrisations extracted from HERA and LHC exclusive J/ψ production data. In principle, once precise ψ(2S) data become available, they could be included in a combined analysis, together with J/ψ and possibly Υ data. Such an analysis, depending on the accuracy of the data, will require a more detailed understanding of the relativistic corrections from the vector meson wave functions and would benefit from a complete next-to-leading order prediction of the underlying elastic vector meson production process, γp → V p, which is beyond the scope of this paper. Table 1 : Rapidity gap survival factors S 2 for exclusive ψ(2S) production, pp → p + ψ(2S) + p, as a function of the ψ(2S) rapidity y for pp centre-of-mass energies of 7, 8 and 14 TeV. The columns labelled S 2 (W ± ) give the survival factors for the two independent subprocesses at different γp centre-of-mass energies W ± .
